Introduction
The pericardium is a double walled sac, surrounding the heart and consists of a dense network of collagen fibers. During the contraction, the epicardial surface glides on the inner surface of the pericardium. The pericardial fluid between these two surfaces allows almost frictionless motion. In this work an electromechanical simulation framework was used to simulate the motion of the contracting heart inside the pericardium.
Methods
The electromechanical simulation framework consisted of an electrophysiological model, linked to a biomechanical model and additionally a geometrical model of the heart and the pericardium. The electrophysiological model described the electrophysiological processes on cellular level, the ventricular excitation propagation and the active tension development of the ventricular myocytes. The resulting contractile tension was the input for the biomechanical model, which was based on an continuum mechanical approach using finite element analysis. The incompressible MooneyRivlin material law was used to model the nonlinear mechanical properties of cardiac tissue. The geometrical model of the heart with ventricles, atria and the pericardium was generated from MRI data of a volunteer. It consisted of two nonmatching, non-overlapping tetrahedral meshes. The contact between heart and pericardium was assumed to be frictionless and permanent. This resulted in a frictionless contact problem which was handled using a penalty formulation.
Results
The results of the simulations were compared to cinematographic MRI data of the same person. It revealed, that the contraction of the heart with pericardium seemed to be more realistic compared to a simulation without pericardium. The upward and downward movement of the valvular plane was more distinctive and the volume of the atria increased during contraction.
Conclusion
In order to obtain a realistic simulation of the motion of the contracting heart, it is essential to take the interaction of heart and pericardium into account.
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